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What was known on the topic
• Emphasis on structuring electronic health records (EHRs) is increasing globally.
• There are arguments presented for and against structuring of the EHR data.
• Many of the benefits expected from EHR implementations rely on the use of structured documentation.
What this study added
• EHR data structures have rarely been viewed as the intervention, and hence there is a paucity of reviews on the diverse impacts brought about by different methods of structuring EHR content.
• EHR data structures have so far been mainly associated with increases in the information quality and process quality/efficiency.
• We propose a protocol for systematically reviewing the literature on structured EHR data and their impacts that can serve as the blueprint for further research in the field.
Introduction
The primary purpose of Electronic Health Record systems (EHR, see annex 1 for abbreviations used in this article) is to support efficient, high-quality integrated health care, independent of the place and time of health care delivery. It is estimated that information and communication technology (ICT) implementation can result in care that is safer, and more responsive to patients' needs and, at the same time, more efficient. (1) The range of possible ICT applications in the health care sector has increased exponentially, with a number of countries progressing from local towards regional or national level patient/health information exchange (2)(3)(4)(5)(6)(7). In many eHealth implementation strategies, the importance of defining standard structures for core patient information is crucial.(8) (7) . Structuring patient data is perceived to support clinical care processes, facilitate new technologies for increasing patient safety and care quality, enable quality monitoring of the health service processes and evidence-based management locally, regionally and nationally by enhancing collection of statistical information (9)(7) (10) . It is also assumed to enable easier participation of citizens in their care process. Evidence to support these assumptions is, however, yet scarce (11, 12) while the balance between risks and benefits of free text vs. structured data in EHR documentation has long been identified as a fragile one (13)(14) (15) .
In Finland, one of the leading countries in global eHealth (16) (17) , the national health information archive (KanTa) is being implemented step by step from 2009 to 2016. In addition to the document archiving service, the architecture supports National Health Information Exchange Services for both professionals and citizens. Both implemented Page 6 of 33 A c c e p t e d M a n u s c r i p t 6 6 and planned solutions depend heavily on the use of various classifications, the adoption of which has progressed rapidly (18) (19) . The systematic review protocol and review of reviews outlined in this paper are part of a project intending to inform the evidencebased planning of the Finnish national health information system's evaluation and monitoring. The aims of this paper are:
1) To present a protocol for a systematic literature review on methods of structuring Electronic Health Record (EHR) data and studying their impacts, thus laying basis for search and analysis of the empirical articles, 2) To describe previous reviews published on the subject and retrieved during the search of bibliographic databases, and
3) To present a summary, using the analytical framework proposed for this review, of the results of the reviews analysed for this paper.
In accordance to good research practices, we describe in this paper the stages and rationale of the study protocol developed and applied for the systematic review. We present and discuss the results of analysing earlier reviews on the subject identified through our search of bibliographic databases and we report on the current state of progress in our review of empirical studies, the final results of which will be offered in forthcoming publications.
We started the analysis with a review of existing reviews because we needed to know what evidence was already available, and ideally (in case of finding a review with thorough methodology) we could have updated an existing review. Secondly, the empirical studies referred to in the reviews were used as test cases for making sure our search strategies were sensitive enough. We compared the references of the empirical A c c e p t e d M a n u s c r i p t 7 7 articles to our original search results in order to test the sensitivity of our search strategies and to update our search result. In addition, we wanted to test our data extraction model for the review of primary empirical studies. A secondary benefit of this order of proceeding was also that we could describe the review methodology properly and refer to it in the follow-up articles.
Methods
A systematic literature review is a comprehensive, protocol-based review and a synthesis of research focusing on a chosen topic or on defined research questions. A review team was brought together that consisted of an informatician, a systematic review specialist, two medical informatics specialists and an evaluation specialist. The team met regularly to outline the review protocol. Cochrane instructions on the review protocol (20) were modified to fit our purpose: We outlined the questions that we were addressing for the basis of our search strategy as advised in the protocol, and used the PICO-elements to define the search terms and their combinations. PICO refers to defining the Population (Participants), Intervention (or Exposure for observational studies), Comparators (main alternative interventions) and Outcomes. PICO allows taking a systematic approach to the literature search from bibliographic databases (20) .
Following the Cochrane protocol, we then defined the criteria against which the search results would be assessed for exclusion and inclusion in the review. Instead of defining the health problem and the interventions to tackle it, as suggested by the Cochrane instructions, we focussed on various anticipated outcomes of different methods of structuring patient data. We used existing frameworks to define indicators for A c c e p t e d M a n u s c r i p t 8 8 measuring benefits and potential harms, but did not use study design as one of the inclusion criteria as advised by the Cochrane protocol. Following the Cochrane protocol we outlined the process for assessing, and summarizing studies in the review.
To limit the number of hits, "news" & "letters to editors"-categories were excluded already in the search phase. Review articles were processed separately from other results of our search strategies. Before proceeding to the exclusion round, we updated our material by searching for relevant publications in the reference lists of the reviews retrieved. The review articles were also used to test the analysis framework and to produce a summary of earlier findings as background reference.
We drew a flow chart of the reviewing progress and results at each phase of the systematic review protocol. By documenting all these phases, the protocol forms a detailed record of how we will answer the research questions, making the process repeatable and transparent for scientific debate. The results-section in this paper describes our protocol in detail, the resulting reviews and their findings.
Results

The protocol for the systematic review
The protocol we developed includes 12 phases as depicted in table I. The research problem was defined as three research questions: 1) What methods have been used to structure patient information? 2) How have the resulting interventions been evaluated?
3) What impacts have the different structuring methods produced and for whom? 
2.
Defining the databases and search strategies using the PICO method 3. Conducting test searches, updating the search strategy 4. Conducting searches, saving results to RefWorks reference management system 5. Removing duplicates 6. Updating search results from reference lists of previous reviews 7. Defining exclusion and inclusion criteria 8. Exclusion using article heading and/or abstract (two independent reviewers plus consensus round 9. Inclusion round based on full text of remaining articles (as above) 10. Generating information collection and reporting templates with help of an analytical framework, testing and refining with a sample of 22 articles 11. Extracting data from articles using the template (2 independent reviewers), data analysis 12. Generation of the review report
The PICO-elements for our search strategy were defined as follows: Population was specified as the different professional groups involved in documenting and utilizing EHR data, with the addition of the term "patient access to records". Intervention was specified as structured documentation in the EHR. Comparison was specified as free text or narrative EHR documentation. Outcomes were specified as evaluation or assessment studies in order to cover a broad range of outcomes. The elements were modified to search terms according to each database's terminology, supplemented with text search. Since there is a long history of structuring the EHR, the search spanned a period from 1975 to November 2011. Database searches were conducted and duplicates removed in November 2011. Annex 2 depicts, as an example, the search strategy used in the Medline search. The databases selected, the number of references found and remaining after removal of the duplicates are depicted in Table II . The exclusion criteria used in the next step of the study protocol (the review of headings and abstracts) are depicted in Table III . We used two additional criteria for Population:
The study needed to be conducted in Upper middle and High Income countries (21) , and the reporting language needed to be Finnish, Swedish or English. No evaluation of outcomes of implementation/ exploitation of structures For the inclusion round (full text review), our inclusion criteria were the positive expressions of the exclusion criteria combined with several generic criteria, to ensure compliance with the repeatability requirement for systematic reviews: the article is available, it is an original reference (as opposed to duplicate), it is a scientific journal publication (not a dissertation or a book), it is empirical (and not a review, since we analysed reviews separately for this article), and there is a named author.
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Each PICO-element was extended by sub-elements for the data extraction form:
"Population" with e.g. users of structures and context of use, "Intervention" with e.g.
type, phase of development and method of application, and "Comparison" with free text or narrative. The Outcomes, in particular, were extended with the assistance of an analytic framework to extract information on the various types of impacts reported in the articles. The framework is based on a number of earlier published models (3)(22) (23) (24) (25) that are shown in the columns of Figure 1 .
Health IT evaluation studies (22) IS success model (23) Clinical adoption framework (3) Model of activity system (24) EUnetHTA (25 In addition, the data extraction form included a category for extracting information on study design, indicators and data collection methods used. The draft version of the data extraction form was tested and refined based on a sample of 22 empirical articles. Records eligible for initial screening 680
Duplicate redords removed 63
Out -language 19
Records eligible for full text screening 478
Reviews 27
Additional references identified 10
Articles included for review 322
Nursing record structures EHR-structures in clinical use
Out -country 8 Out -wrong user category 10 Out -wrong intervention 92 Out -lack of evaluation 71
Out -duplicate 2
Out -availability 6
Out -not a journal article 26
Duplicate 3
Out -not empirical 27
Out -no author 1 Out -language 0 Out -country 0 Out -wrong population 10 Out -intervention 42
Out -lack of evaluation 51
EHR-structures in secondary use
Out -no intervention 8 Out -only abstracts or protocols 3
Reviews included in the analysis 14
Ongoing reviews 
Description of previous reviews captured and analysed
Of the original search of databases (680 unique articles) we identified 27 reviews. One of the reviews (26) was located separately on the basis of the published protocol (27) , which had been captured by our search. Of the 27 reviews 13 were excluded based on the abstract, 8 due to unsuitable intervention, 3 due to not presenting a full text review A c c e p t e d M a n u s c r i p t 13 13 and 2 as duplicates (see Figure 2 ). All the rest were included after initial reading of the full texts.
Of the five reviews focusing on EHR structures, only one (28) clearly identified a single type of structuring method (ontologies) and a single impact category (auditing conformity to guidelines). One review (29) focused on a single impact category (information quality), searching for methods to measure it from structured and textual record data. One review (26) focused mainly on one type of structuring method (templates) of patient history with a variety of impacts, mainly information quality. Two reviews (3, 30) focused on impacts of the entire record system, with some empirical studies included where structure specific impacts could be identified. Of the two nursing reviews focusing on data structures one focused on nursing record systems (31) and described the change during two decades (data quality, process, efficiency). The remaining review (32) assessed the nursing documentation structures.
Altogether 174 empirical studies had been analysed in the 14 reviews included in our review of reviews. There were 11 identical references with our original search result of 680 studies: Four of the studies analysed by Urquhart (31) and four by Müller-Staub (32); one analysed by Fernando (26) , one by Lau (3) and one by White (28). Thiuru (29) and Boyle (30) had analysed no identical references. Possible reasons and implications for this "mismatch" in search results are assessed in the discussion section. There were
We added 10 empirical studies from the 174 studies reviewed in previous reviews to our search result, as they seemed to fit within the scope of our study.
A c c e p t e d M a n u s c r i p t 14 14 Results of testing the data extraction tool (including elements from our analytical framework) are presented in Table IV . In the detailed data extraction phase, only 7 of the 14 reviews were found to focus on EHR data structures in a manner that the categories defined in our data extraction form could be extracted from them (see table   IV for their main details). The other 7 reviews discussed exploitation of EHR data and EHR from a general perspective that did not associate observed impacts with utilized structures. In the view of the seven remaining review articles, the impacts fell into three main categories: 1) impacts on health care system structures/inputs, 2) impacts on health care processes and 3) impacts on health care system outcomes (figure 1). M a n u s c r i p t EMR impact in the physician office has been observed. To improve EMR success in future, lessons learned from previous studies are to be accounted for.
Summary of the impacts of the structures reviewed
Based on the analytical framework (Figure 1 ), the outcomes in the review articles were classified according to the main impact categories ( Figure 3 ). As figure 3 shows, the review articles covered all three main impact categories (health care inputs, health care processes, and health care outcomes) from our framework. The reviews associated codes, classifications and ontologies with improved information quality (Thiuru et al M a n u s c r i p t 
Discussion
The review protocol
The research problem that triggered the systematic review project as a whole and the review of reviews presented in this paper, focused on uncovering the different ways to structure patient information and identifying the impacts of these interventions. The scope was thus much wider than e.g. in a standard Cochrane review that defines a health problem and proceeds to compare different interventions to tackle it. The wide intervention and outcome definition resulted in a less focused search result, though capturing a variety of relevant interventions, which had not been in the focus of previous reviews. The 15 different databases required modifications of the search strategy to match the database-specific search properties. The importance of covering a A c c e p t e d M a n u s c r i p t 22 22 broad scope of bibliographic resources became evident in the phase of duplicate removal: each of the included databases provided new references, which we would have otherwise missed.
The impact (or outcome) classification presented in figure 1 and tested with the review articles seemed too precise to analyse outcomes of the reviews. However, it offered a common understanding for bracketing the outcomes, when individual researchers were analysing the contents of the articles. It also helped in detecting types of outcomes that have previously not been in focus. Further analysis will indicate how well the framework is suited to the analysis of a much larger number of empirical articles.
PICO-elements of previous reviews
The diversity of definitions of the review protocols and PICO-elements in the earlier reviews [c.f. (33) ] limited our possibilities to use them to test sensitivity of our review protocol. Moreover, it made it impossible for us to build on earlier work by updating an existing review. Reporting the results of the earlier reviews did however serve the purposes for which the review of reviews was conducted: presenting what was discovered previously, determining if an update of an earlier review could have been done, and testing the analytical framework proposed for this review.
The analysis of relevant earlier review articles according to our analytic framework underlined how reviews on EHR structures are yet scarce, as we found a paucity of reviews with structuring as an independent variable. We concluded that no previous M a n u s c r i p t 23 23 protocol to search and review studies concerning different EHR data structures, their quality and various outcomes had been sufficiently systematic and comprehensive.
As such, our study protocol offers a tool to researchers aiming e.g. to identify empirical articles for more focused reviews of varying impacts of different EHR data structures.
The reviewed (and missing) impacts of structuringEHR data
All the three main outcome categories (figure 3) were covered in the reviews, but many of the individual elements in each category were not. Compared to the expected outcomes of structuring patient data (9)(7)(10), there was evidence of improved information quality in the Input-catogory, but no evidence that this would support clinicians' care processes. Impacts on actors were scarce (e.g. on user skills related to the implemented new method of structuring patient data, usability or usefulness of the structured data). There was evidence to support the administrative viewpoint of increasing adherence to documentation and care guidelines. In the Output-and Outcome-categories, impacts focused on productivity and secondary use of structured data (for automatic monitoring of care guideline compliance). There was little or no evidence found of expected benefits of structuring for "patient safety", "care quality" or "easier participation of citizens in their care process".
The review papers had varied concluding remarks. Thiuru et al (29) discussed utilization of structured data, for example, in coding diagnostic criteria and validating diagnostic codes by linking them to prescriptions data. Automated utilization of structured data was perceived as a positive outcome. Similarly, White et al (28) M a n u s c r i p t 24 24 concluded that structured patient data can be utilized, for example, in clinical decision support systems, although such have not been widely tested or audited. Boyle et al (30) added that structured patient data can improve the identification of risk patients. Both
Müller-Staub et al (32) and Fernando et al (26) noted the increases in quality patient information. However, both argued that increases in clinical information does not necessarily lead to better patient outcome as there is little evidence to confirm the usefulness and usability of increases in clinical information. Urquhart et al (31) add that new documentation structures do not imply changes in practices or in process outcomes.
Strengths and weaknesses of the study
The strengths of the systematic review include a clear aim and object, which lead to our study questions. A transparent 12-step protocol for a systematic review was developed and followed by a research team with methodological and content expertise. An exhaustive search was conducted on 15 bibliographic databases with an extensive search strategy. A framework for analysing the results was juxtaposed against previous frameworks for extracting and grouping data from the reviews and the empirical articles. The framework proved useful as a systematic documenting tool of study data and as such, a basis for further analysis.
The main weakness of our systematic review protocol is related to the difficulty in defining search terms for the intervention and outcomes: We needed to maintain an extensive definition of both in the search protocol to answer the questions set for the review. As methods or actual impacts of patient information structuring are not well defined in literature, we could not define the search protocol in a more detailed manner M a n u s c r i p t 25 25 to leave out articles where methods of patient information structuring are not adequately described for comparison. Previous reviews had much narrower definition of the PICO elements, but their research problems were also different, not aiming to compare outcomes of different interventions.
The mismatch between our search and previous searches (our search found only 11 of the 174 previously analysed empirical articles -or vice versa: of the empirical articles we found, previous reviews only found 11) may be explained by the fact that previous reviews have focused on a single method of structuring, not compared different methods, and many also focused on one clearly defined outcome category. In addition, earlier reviews had detected a similar problem to ours: not being able to find studies, were a method for structuring had been regarded as an independent variable, thus including many studies, where impacts of methods of structuring EHR contents could not be singled out. We did not want to include empirical articles without a clear connection between a structuring method and outcomes. In the light of these two issues, it is not surprising that there were only 11 common hits in our searches compared to previous ones. We added 10 new references from previous reviews, but only a thorough analysis will show, how many of these will actually be included in the results section (of the 14 analysed reviews only 7 were included in the results). The earlier reviews did not describe their review protocol in a detailed enough manner that would have allowed us to compare the protocols to find similarities and differences in more detail.
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